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& (Comment: This article is coe of & muiber that have appeared in issues of

this periodical, deallng vith the same o a ~losely relatcd subject. For con- _
venience in readinz, the followir | glossary of terzs and abbreviations is in- '
ciuded

Glossary of Terms and Abbreviations Pertainins to Turnaround Time

Purnaround Period (TRP)

This is the elapsed time of une cycl: of operations from the hour of
dispatch of a loaded car until it is dispaicheld a sccond time, the first load
oY having been unloaded and the car reloaded.

Turnaround Distance (TRD)
The distance traversed in one turnaround pericd.

Turnaround Time (TRT)

This is virtually the avesage of the twennround periods of all the
cars in operation in any unit of “ime such as a dJay, a rnonth, or a year,. or
of geographical extent such ag station, subbureau, bure w, a whole railroad
line, a section of the couniry, or the country as a wha.e. It is the invarj-
able practice to exprass turnaroun’ tine in terms of trs and decimals therecf,
’ regardless of how the duration of - * conponent elemeris of Lhe turnaround
pc-‘icdﬁnay have been recorded.
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Number of Cars Loaded (NcLa)
- Number of TLoaded Cars (NLdc)
Number of Cars Unloadea (Ncuy)
Number of Unioaded Cars (NUNC)
Daily Work Load (DWL)
The number of loaded cars handled on any particular day. This con-

sists ¢f the number of cars loaded in the home "area," plus the number of
loeded cars that enter the home "area" from another "area,"

(Unless Otherwise indicated » the word "area," with quotation marks,
will be used to indicate the home territory of the subburesu concerned. )

DWL = NCLd + NL4C entering from another area,
Loaded -Car Kilometrage (LeK)

Distance traveled by loaded cars, in kilometers.
Empty-Car Kilometrage (ECK)

Distence traveled by empty cars » in kilometers. -
Empty-Car Kilometrage Percentage (ECK%)

The ratio between tha empty-car kilometrage and the loaded car kilo-
meirage. ‘popw - BECK :
ECRE <t

Total Car Kilometrage (TCK) . .
TCK = LCK + ECK, or TCK m'(1 4 ECK$) x LCK. Data concerning LCK and "
ECK gathered for an extended period show little change in ratio for any pén -
ticular time or area; but it may be prevised when deemed advisable., Hence, when
this ratio has been determined for a designated period and area, ECKY 15 fre-
quently used with ICK, as above, to find TCK without having to compute .ECK each
time

Total Train Kilometrage (PTraink)
Travel Time (Trvr)
This is the elapsed time during vhich a train is traveling, including
incidental delays at way stations for water, fuel, or lubrication, but exelud-

ing time spent in stations where switching, loading, or unloading operations
take place. (If incidental stops a’ way stations are excluded, that time is 50X1 HUM

’Mdmmz_mﬂ'ich the train is in motion; the term used is running time;

Travel Speed (Trvsp)

Travel speed is equal to the train kilometrage » divided by the travel
time. . '
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Average Switching Distance (ASwD)

For 4 .ruller explanation,I:b_i_| The term has no relation
whatever to the distance covered by cars when be ng shunted around in switch-
ing stations or marshaling yarde. Rather, it is & conceptual figure found by
dividing the total car kilometrage by the total number of cars switched.

Total Number of Cars Switched (TNCSwd)

| This refers to cars that actually underwent switching at a switching
.t station, probably a junetion point , or at least a station where the train vas
broken up and rearranged. Not every car that arrives at or passes through a
switching station is actually switched. The proper way to record data on the

number of cars switehed is discussed in ‘

Switching Time (SwT)

The time spent in switching stations when switching operations actually
take place, i.e., vhen a train is rearranged. It inclu e from
arrival at to departure from the switching station

Total Switching Time (TSwT)
N T Y

B TR .o 8 . o TSWT
h. Time (ASwT) ASwWT = N
Average Switching e ( ) TNcs

———

Stopping Time (StT)
The stopping time is the interval occupied by loading and unloading
operations, construed to mean the whole time, from arrival to depart
cars spend in a statién where they are loaded or unloeded ’—&

Total Stopping Time (TStT)

EALOEESS

AR TStT
t r P
Avéfage Stopping Time (AStT) AStT NGLd + NCUN

Work Rate (WR)

This term expresses the ratio between the number of cars loaded, plus
the number of cars unloaded, divided by the number of loaded cars handled.
- NCIA%4. NCUN

N

Number of Cars Present (NCP)
v
Carg present means the cars that are physically present in the "aree"

at 1800 hours on any day. The number of cars present is ascertained by a mere
vpot tally, regerdless of how long each car ras been in the "area."
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Number of Cars in Operation (nico)

. The number of cars in operation is a computed figure. To obtain it,
the cars in the "area" are weighted in proportion to the time which each car
vas in operation within the "ares." The number of cars in operation is ob-
t&ined by finding the total numter of car-hours of the cars in the "apea" in
I.4ap-eourse of the day and dividing that figure by 24 to obtain the number of
car-days. The number of car -days for one day is the same as the number of
cars in operation for that day.

Car -Count Formula

This is the simple formula for ealeul ating turnaround time; it is
mevely the'statnment of the ratio between the number of cars in operation and

. NCOo
the number of loaded cars handled, TRT = WL

- e

Time Count Formula

v This 1s the more complicated formula used for calcuiating turnaround
’ time; it depends on the time element in recorded data of car movements. In

brief, turnarmngd time is equal to the sum of the trawv :
- ’ﬂ;ﬁm:ﬁping time. TRT = Tevl + Sul 4 StT. 50X1-HUM

50X1-HUM

Problem of Errors in Calculaﬂons by the Time-Count Method

The calculation of turnaround time is closely tied to the factor of
daily work load. The division of control of territory under the railway
admlnistration, bureaus, or subburcaus » varies with the railways, and the
car-turnaround circumstances within or between the respective divisions and
. time periods involved are correspondingly diverse. What rarticularly com-
Al DPlicates matters is the fact that the disposition of cars within their re-

: spective turnaround periods is so diverse and variable. For instance a »ar
B loaded in area A may be sent to be unloaded in area B, or pass through area
f B for unlosding in area C, and perhaps it will then be sent enpty to area D
for reloading; and the reloading of & car may occur one, two, or more days
after it was loaded.

. Ia view of these complex circumstences, it is found necessary to be
- specific with respect to operating areas and time periods involved. 1In this
article, it is to be understood that a rallroad day consists of 24 hours, be-
einning at 1800 howrs of one day and ending at 1800 hours of the next calen- !
dar day. Observing these conditions, records are kept in each territorial
unit concerning the work accomplished each day, together with the time of the
various work operations. From this information, che total elapsed time in
hours from the beginning to the end of a full turnaround period for each car,
) and then for all the cars, is to be ascertained. This latter figure is to be
S divided by the number of cars in the daily work load. The number of hours
) thus derived is 4o be divided by 24 to convert it inte days and decimals e
thereof, and the result will be the value of the technical term average car
turnaround time for the particular ares and date concerned. In other words N
this is the number of days required to complete the turnaround use of the
. cars in the daily work load. It is a figure needed for statistical purposes
< and is found by methods that are rational and not open to question.
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Turnaround time may be divided into three components: travel time, switch-
ing time, and stopping time. As the distances involved in the daily work-load
data vary, 50 also will the components that make up the total turnaround time
very. For the purpose of illustration, using a subbureau as the unit, or "area,"
det us see how the turnavound time is affected by changes in distances involved
in daily-vork-load data. A

1. Travel-Time Calculations

According to the turnaround-tire formuls, the turnsround time is equal
to the kilometrage of loaded cars times one, plus the empty-car-kilometrage per-
centage divided by the travel speed. Transforming some of the factors into their
equivalents, the turnaround time is equal to the turnaround distance divided by
the travel speed; and again, this is equivalent to a fraction whose numerator

" is. the total car kilometrage divided by the deily work load erd whose denomin-
ator is the total train kilomet.rage divided by the total travel time. Put in
the form of equations using symbols or abbreviations, we have:

m‘_ LCK x (1 -+ ECK%)

- TrvSp : e

- TRD
Tvap

_ _TCK = DWL
© TTraink = 1Trvl

The count for the daily work 1load is reckoned from 1800 hours on one day
1o 1800 hours on the following day. The total car kilometrage, total train
kllometrage, and total travel time are also reckoned on the sume basis. The
number of cers recorded as having arrived refers to the number of cars that,
on a given day, have arrived at a marshaling station (understood as meaning
the end of a loaded car's journey) or at a boundary station of the "area,"”
regardlessof when the train started its journey. The figures for the total
kilometrage of the cars in any train that reaches & marshaling station or a
boundary ‘station before 1801 hours on a given dey should be entered in the
totals for that day. The same applies t0 train kilometrege and travel time.
If a train has traveled for some time on one day but iacks & few minutes of
reaching 1ts marshaling statlon or border station before 1801 hours, the
figures for that train must not be entered id this day's totals, but in
A those for the next day.

According to the above formula, if the total %ravel distance of the"
trains reaching a marshaling station or boundary station is divided by the -
total travel time of the same trains, the quotient will be the average travel
speced. In this calculation, the probable error is very small, because the
dropping off of a few kilometers of train travel distance is approximately
proportional to the dropping off of a few minutes of travel time, and the
result is not appreciably affected. But the erronecus increase or decrease
in the figures for total car kilometrage results in a wrong increase or de-
crease in the duration of the total car travel time, and this is a more
serious matter. Take some Jata from the Pai-ch'eng-tzu Subbureau as & case
in poiat.
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Tho following table shows length of runs and average of up and down travel

times:
Railway Length Time
Lines Track Sections {im) (hl‘, min)
Pting-Ch'i 8su-p'ing--Cheng-chia-t 'un 2.8 3,30
" " ‘ Cheng-chia-t'un--T'ai-p'ing-ch'uan 111.1 3,45
L ;P"ui-p'ing-c‘n'uan--Pai-ch'eng-tzu 159.3 4,30
o Pai-ch’eng-tzu--T'ai-lai 101.6 3,00
Ch'ang-Pai Pai-ch'eng-tzu--Ch'ien-kuo~ch'i 184.1 6,18
Pai-A Pai-ch'eng-tzu--A-erh-shan 337.0 14,40

Assume that all these trains are running on time. As regards the trains
on the secticrs of the P'ing-Ch'i line, whether or not a particular run is re-
corded, the error et most is from 3 to 4.5 hours. On the Ch'ang—Pai line on=

. omission would involve an error of 6.3 hours; on the Pai-A line, the error
. , would be sbout 4.7 hours. With the P'ing-Ch'i line running 50 cars per train,
and an error in recording of 4 howrs for one train, t.he full we.ght of the

error would be 50 x B = 200 car -hours, converted to days, 200 . 8.3 car-days.

The Pai-ch'eng-tzu Subbureau sets its daily work load at 511 cars, its turn-
around time at 0.98 days, and, hence, its cars in operation at 500 car-days.
The effect on tnrnaround time-- of the~——ewews-mentioned- error would be

—'1‘001695~- . : . 0.0162 _ .

51 = O 2 days; and in terms of percentapge, 0.98  ° 1.65 percent. In
the case of railway divisions where the traveling time is long, the error is
not limited to this figure. When the territory of a subbureau is small and
the number of trains operating in the territory nc . very many, the opportunity
[for errors] to cancel each other out are {ew; thus, it is easy for extreme
cases to occur when the error may be much greater than 1.65 percent and cennot
be disregarded.

_ When recording train kilumetrage, car Kilometrage, times of train amrivals and
departilrss;” amt datly-work-load data, it is imperative, for the sake of accuracy
to ddhefe strictly té.the rule concerninz tne nhour mark delimiting the day's ’
operations, namely, from 1800 hours tc 1800 hours. If at 1800 hours,a train has not
reached its destination or & border station, and at that moment is somewhere
between two stations, then the kilometrage for thet train for that day must be
reckoned to the last preceding station that was pessed. In this way, the error
would rarely ever be more than 30 minutes, (for there are fow cases where two
consecutive stations are so situated that the distonce between them requires
a running time of more than 30 minutes), and the influence of such an error
would be negligible.

2. Recording Data for Stopping Time (StT)
There are three ways for recording this datas
a. Usinrg Loading and Unloading Operations as the Criteria
Record as stopping time for the station and day when loading or
unloading takes place the time for each particular car {rom the hour and minute
of its arrival in that station until it is dispatched therefrom. This is an
entirely reasonable thing to do, since cars stop only in stations where they
.

COUFIDENTLAL,
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are to be unloaded or loaded, or both. [Standing tine at other stations in
R transit, unless for switching operations, will be rceloned as included in
travel time.] But since it often occw's that unloading or loading operations
may not be completed on the day they are started, ond there are many cases
vhere both unloading and loading operations tn¥~ »in~s ip the same station
\ during the same stopping period but when both are not completed on the ;Eie'aay,
then the problem arises as to how these facts are to be recorded. Futhermore,
after a train arrives at a station with cars <o be unleaded, how is it to be’
. known exactly when the unloading of the car begins and is finished, and Jjust
- when the car, whether loaded or empty, ic zoing to bt dispatched? For these
reasons, the tutal stopping time for possibly one or both operations cannot
be calculated and reported on the day that the operations started, and per-
baps not until several days later. The value of t kind ef report depends
on its promptness and regularity. If thiz method Were adopted the reports
would not be suitable for the purposes of apalysis aand » managenent, having
lost their timeliness and hence rmuch of “hoi. usealn ., Hernce this nethod
should not be adopted.

e

b. Using the Dispatching oY the Cars an the Criterion

Here, the recording of -he
cords of the day on which the car is d
time from the houwr of arrival until ths -
that is now in generzal use.

fa eatered 1a the re-
, It must include the full
T dicpateh. This is the method

¢. Using Time as the Criterion

According to this method, citer indo #he socord for each day the
actual time spent in 4hat station by each ¢ + Lhat day, regerdless of what
day it arrived or was dispatched.

0f these three methods, meihod o hau already been shown to be unsuitable;
consequently, only method b and method ¢ will d to point out
thelr adventages and defects and their inflien: 1 tine,

In reckoning the stopping time accorlin-. -
at a station, and after loading or unlonli
same day, the time spent in that station
day. But when a car is not dispatehed -
time on day of arrival, bogether with't
bined with that of the day of dispatch a
of dispatch. The figure thus entered nos
total accumulated time spent by that car :in
averaging these figures for all the cars dispabel
- station, we obtain the average stopping tine
N method is comparatively coavenieny for
ing the lengths of time consumed for loandi
i various stations znd for kinds of cargo.

b, when a car arrives

the stopping

;5 deys, 1s com-

>aords of the day
cxactly the

statlion. By

it v from that
arnd station., This

nining and compar-

ny operations ag

However, when calculating tus
. cumulative time spent in the variou
operations by all the cars dispatche

figures; rather, to match v th the dail:
in the turnaround-time formulz, wuwiai i
. shows the everapge tume spent each
' by all the cars in all the shasi

this wanu.

is wanted is not the
iiny and unloading
average of these

L appears as a factor
cd figure that
ing operations

3 o completely meets
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At this point, the effect on turnaround time of uslng method b should be
pointed out. According to it, the time spent in a given station for Joading
or-unloading operations of cars not dispatched on the day of arrival is not
reeorded on that day, hence, the aggregate stopping-time figure is not given.
The effect of this sometimes may be quite important. For instance, the Cheng-
chia-t'un station, on a certain day in the latter part of May [1951], had over .
20 freight cars that could not be dispatched because the consignee had not yet
: unloaded them. Because of this, the stopping time reported for that-day was ~

smaller by several hundred car-hours than if unloading operations had been
prompt and expeditious. The effect of such delays is more serious when the de-
lay in the dispatching of cars amounts to several lays, in which case the ac-
cunulated stopping time is all reported on one day, the day of dispatch. Thus
on 25 May, the Cheng-chia-t'un station dispatched 56 cars having e total ac-
cumulated stopping time of 2,447.2 hours, or an average of 43.7 hours per car.
Since the subbureau as a whole dispatched on that day only 138 cars, the
average stopping time for the “"area” was raised from tne normel Tigure of 8.4
hours to 22.9 hours.

On 1k May (presumably also at Cheng-chia-t'un], there were dispatched
31.5 [sic] ears for which there was recorded an average stopping-time of 43.8
hours; on 17 May, 15 cars were dispatched with an average stopping time of
85 hours. At another statlon, Ta-skih-chai, on 26 April, one car had & stop-
ping time of 88.5 hours. During the first quarter of the year, the Ch'uan-kou
station had a car that, on dispatch, had stopped for more than 170 hours, or
more than 7 days, which cumulative total was ail reported on one day. The
effect of this was to incremse the wurnaround time of the whole "area" *or
that particuler day. A further point to be noted in this connecticn is that
the turnarcund time for this bureau, when computed by the cartcount formula,
does not agree with the figure when computed by the time-count formula. [(For,
explanation of car-count formula and time-count formula , see 00-W-27704.]

Let us see vhat is revealed by examining the deta cited for 25 May at
Cheng~chia~t'un, and let the figures speak for thems®™es. Suppose that ail
of the 56 cars dispatched on that date had had an average stopping time on
that date of 24 hours. In that case, the aggregate stopping time reported
would have been less than that actually reported bv U6 car days;:

56 x (k3.7 - 24) = 56 x 15.7 = 1103.2 hours = 46 car-days. The effect on the
'ourna.round time for the Pai-ch'eng-tzu Subbureau would have been a reduction

46 . ) o . 0.0
by 5T = 0.0% days, which is a decrease of .2 percent: 0..8 % 100 = 9.2 ;}ex -

cent, Such big discrepancies as thiz are not negligible and must not be per-
mitted to occur.

From such data as these, it is plain that, for the sake of accuracy in
caleulating turnaround time, the data for stopping-time. should be reckoned by
method ¢. But method ¢ also has its deficiences. Concerning the cars dis-
pateched on a certain day from a certain station, just how long each car stop-
ped and what the average stopping time was is information that could not be
ascertained from the station reports if prepared according to method c. Which
of the above-mentioncd methods is the bebter {or securing the statistical data
needed to determine the average stopping tine?

It is my personal opinion that the ferm for the statistical report on
stopping time hitherto in use should be expanded to secure the good points of
both metheds, by recording both categories of stopping time, ench one supple -
menting the other, thereby permitting accuracy in the calculation of turn-
around time, and facilitating the investigation, analysis, and control of
stopping time of freight cers. OF cowrse, to record both zets of stopping-
time figures on the ssme form. it will be necessary to mrle some changes in

-8 -
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the headings of the columns. To avoid confusion, the following distinctions
could-be made. “The stopping-time data recorded according to method b. might
be denoted, "Cumulative Stopping Time of Cars Dispatched This Day,"” or more
concisely, "Cumulative Stopping Time;" data recorded according to method ¢
might be denoted, "Actual Stopping Time of Cars Dispatched This Day," or more
concisely, "Actual Stopping Time." The suggested rorm might be as follovws:

Numerical Systenm ca.r -Stopping-Time Data Sheet Date..... veeeeans

Car number . -1 )
Car type 2

A, Car Arrival
Month...... .. PR T .

Hour..........minutes........ .. h
Train number

B« Car Dispatch

"Montheeeiiiaiias BB ervncnnnns 6
Hour........ ..minutes.......... T
Prain pumber - T -8
‘Numper of operations (1dading, unloading, or both 9
Cs-  Cumulstive Stopping Time (car-hours) )
From arrdival to dispatch I ulOi .
From arrivel to the beginning of work - )
In station 2. -
On special tracks B
From end of working period to dispatch 1h.
Actual stopping time (car-hours on this partlcular day) 15
. Stopping time of through cars ) 16
Ds  StSpping Time of Non-Revenue Producing Cars
A "'Eour of arrival 17
+ Hour of departure 18
Stopping time 19
Length of demurrage (hours) 20

Remarks 21

- The proposed nemefarm OL_&WbE the same as the old form, except
for the addition of the items relating to actual stopping time.

Following is an iliustration of the recording of actual and cumulative
stopping-time data. Suppose that, yesterday, a car srrived at a given station
at 1450 hours and was dispatched today at 0250 hours. The actual stopping
time today would be a period of 8 hours and 50 minutes (reckoning from 1800
hours yesterday to 0250 hours today). The cumulative stopping timerwould be
@ period of 12 hours. Suppose a car arrived today and was dispatched today, '
in this case, the actual ani the cumulative stopping time would be the -same.
Again, suppose a car that arrived today at €540 hours but was not dispatched
until-tomorrow [i.e., after 1800 hours todayl; in thet case, no entry should
be made in the cumulative column for today, and the actual stopping time for
today would be 12 hours 20 minutes. oo

50X1-HUM}
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The summaries of the above-described sheeil should be sent by all siations
every day to the subbureau dispatching office to supply data on which the latter
may calculate the car turnaround time for the "area." Furthermore, the sub-
bursas report this and other information to the dispatching office of the
bureau or to the railway administration. According to this method, the burden
of work on the recording eclerks is not.apprecisbly increased; but the-result
will be more accurate and reliable data on stopping-time for use in calculat -
ing turnaround time. But there is another matter that shculd be point
the actual stopping time for the "area" for each day will not be the same. .Is
the reason for this the fluctuation in actual stopping times reported by each
individual station? In this matter, it must be pointed out tnat it is desirable
to set for each statior a standard car-stopping-time allowsnce, in order, by
making comparisons, to trace the cases of excessively long stopping times to
their causes. However, this standard stopping-time allowance for any particular
station, used when planning takes place, and the average cumulative stopping
time which is determined when cars are dispatched, are the same; for in the
long run, there is actually no difference between the average car stopping time
and the cumulative car stopping time. The standard stopping-time allowance is
based on the time required for one work operation. This figure need not be
announced to each station; it is only for the guidance of the subbureau office
and for comparative analysis by the railwey administration. (Consideration
should be given to the fact that in an ascertainable proportion of cases,
both unloading and loading operations take place in the same station, and a
sultable adjustment should be made when the standerd-stopping-time allowance
is determined.) °

Problem of Errors in Calculations by the Car-Count Formula

The car-count formula is actually a simplified form of the time-count twrn-
around-time formula. This fact may be demonstrated by showing how the former
may be derived from the latiter by successive transformations in terms of the
latter. The time-count formula is: '

Turnaround time (TRT) = éIlI [tr&wel time (PrvT) + switching time (SwT)

+ stopping time (StT)]. (Times recorded in terms of hours.)

_ 1 F (2 + ECK%) x TRD (1 + ECK%) x TRD
TRT -27;'[ TrvSp + ASWD xAS‘-‘I‘-Q-WRxASt‘I“.
_ 17 (2 + ECK$) x (LCK + DWL) (1 + ECK%) x (LCK + DWL)
=N [ Trvip + TCK = TCSwA X ASWT
- 4 JCLd + NCun  TSLT ,
: DWL NCLd + NCUN
- 1 [TCK + DWL TCK -+ DWL TSP
= i : ASWD
& [ Tovey | Rk Tcei o T B ]
1[TCK + Trvp | TCSwd x ASWT  IStT ~
ey DWL WL DWL

© 3 | Tow T AR ¥

-1 [Trm: TSvT TSLT :l
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= = |_Total time rnars in transit |_ Total time cars in transit - Al
a DiL = 2 .".bﬁ
= _Total number of days of cars in transit (cnr-days)
DWL (cars)

~ _Total cars in operation (car-days)
DWL (cars)

= TRT, = car-count forinila (ddys)
. :

In the foregoing transqumations of the terms in the time-count formula, it
w11l be noted that what is referred to as "cars in oreration" is expressed in
terms of car-days, since each car is considered to be in operation 24 hours a
dey vithin the "area," or what corresponds to it. Itnfs;also obvious that the
results as to turnaround time derived by use of the time-count formuls and by
the car-count formula should be the same. When employing the car-count formuls,
the figure used for the number of "cars in operation” is derived from the re-
corded data as to the number of cars in use in the "area®” at 1800 hours of the
day of record. The chief source of this data 1s the border stations, whicl re-
port the number of incoming and outgoing cars during each hour throhghout the
day of record. The lesser sowrce of this data is the stations that report ecars
within the "area" which are put in or out of commission during the deay of record.
To recapitulate, the requived total number of cars in operaticn is mndevub of
the! following elements: .

.

{A) The.npumber of cars in operation in the "area" at 1800 hours yestefday.

(B) The n.mber of incoming cars today. i

(C) The number of outgoing cars today.

(D) The number of cars that were put back in commission tcday::: f

(E) The number of cars that were put out of comission today.

(F) The total number of cars in She "area" in operation ab 18001§x¥ét§day
Then, A +B -C +D —=E =§

It ‘is apparent that this firmure pertains only to number of cars and does
Lot contain any time factor. It is simply an indication of the status at a
definite time. Its use is due to the fact that the number of cars in the area
is constautly changing, and if no steps were taken to ascertain the facts,
there would be no way of knowing what the status of the rolling stock in the
area is. Stili less would it be possible to devise plans for the economical
utilization of the rolling stock. Current reports from all the stations in
the "area" containing tie elements mentioned above constitute a convenient way
of knowing what the count is; and only in that manner can the rolling stock
situation be controlled, suitable allocation of cars be maintained, and the
tendency for an "area" to retain surplus ce ‘s be counteracted.

However, to record merely the nurner of cars physically present in the
area at 1800 hours supplies a figure which ~annot rightly represent the num-
ber of cars in operation throughout the day and, hence, shculd not be used
in the formula for the calculation of turnaround time. [In the present dis-
cussion, cars present, as distinguished from cars in operation, is used to
mean the number of cars present in the "area” at 1800 hours.] The manner in
which the cars-present figure is arrived at does not correspond with the man-
ner by which, and the scope within which, the daily-work-load figure is as-

certained; hence, to use the former in calculations with the latter fi%ure is
contrary to the principles of statistics. The degree of influence on the ac-

curacy of the turnarcund-time calculations due to the use of the cars-present
figure may be judged from the two following explanations.

- 11 -

CONFIDENTIAL

Sanitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000700190191-c T



’

. [ .

anitized Copy Approved for Release 2011/09/14 : CIA-RDP80-00809A000700190191-8

1

R e .

CONFIDENTIAL

50X1-HUM

1. Errors Associated With Recording the Number of Incoming and Outgoing
Cars ' :

When reckoning the number of cars present at 1800 hours, there may be
no actual difference in the number of cars that had entered by 1759 and by 1801.
But in calculating turnaround time, the situation is something other than Just
cars present, since cars entering the "area" at 1801 may be cars in use for a
whole day of 2l hours, whereas cars entering at 1759 were in the "area" only
one minute on that day, which is practically equivalent to not being in opera-
tion in the "area” at all. Similarly, between cars that are recorded as having
left the "area" at 1801, and those having left at 1759 hours, there may be &
difference of 24 howrs of operation in the area, for the latter is recorded in
today's data, while the former is recorded in tomorrov's date. Consequently,
when the figure for cars present is used in place of cars in operation Lg;;
dilvided by.the daily work load, the figure derived for turnaround time 1 .y be
very much in error. This sort of invalid increase or decrease in the turn-
around figure for a particular day creates in the operation of trains & .situ-
ation that should not exist.

Svery day in avery "ares," a3 the hour of 1800 approaches, great
efforts ere made to run departing treins through the border stations into the
sdjoining "areas"” before the deadline to reduce the number of cars recorded
ag 1in use in the "area" (which is actually the number of cars present). And
similarly, the home "area,” as 1800 hours approaches, tries to create situations
to prevent trains from another area from prassing inward through border stations
before the deadline to avoid recording an increase in the number of cars in use
within the "area."

In the smaller "arees," such as are under a subbureau, the car turn-
around time {s usually about one day. In places where the turnaround time is
a little under one day, if the number of loaded cars recelved from another
"area" is increased by one or more cars, this not only increases the daily
work load but alsg the number of cars in operation, and therefore the result
is an increase in the turnaround time. If there are empty cars in the in-
coming trains, the effects are still worse, 50 that even greater efforts. are
made to find excuses for not immediately receiving the “rain and for delaying
1t until after the deadline. This is done universally. For this reason, there
is created a stoppage - trains around 1800 hours, with consequent delays.

Because of the wrong practice in the use of present methods of cal-
culating turnaround time, the discrepancies between the calculated figures are
too great. This wrong practice affords incentives and opportunities for de-
liberately resorting to various tricks to gain selfish advantages, or it un-
intentionally causes differences between the results of the calculation of
turnaround time by the car-count and time-count formulas. Let us use some
figures to show how serious these discrernacies may be.

As an illustration, take a train draving 50 cars, which is scheduled
to pass outward through a border station at 1801 hours of the next day, but
which, by special efforts, is made to pass outward today at 1759 hours. Ac-
cording t0 the car-count formula, the turnaround time would be decreased by
5%% = %098 days. Since the norme) turnaround time for this "area" is 0.98
days, the chenge in percentage would be _%;ggg—.x 100 = 10 percent; snd the

turnaround time for today for this "area" would be 0.98 — 0.098 =0.882 aays.
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Now, for comparison, make & calculation according to the time count
formula. Assume that the cperating time of each car 1s shortened by 2 minutes
(the difference between 1759 and 1801 hours); that amounts to a reduction of
50 x 2 ‘w100 minutes. The turnaround time is thereby reduced.by

. \(—1?.;6— X —2‘]‘;-) + 511 = 0.0001k4 (days), which, compared w.th the normal turn-
oy avound figure, is & reduction to only 0.98 — 0.000Lk = 0.97986 days, a change

of only 0.000Lk + 0.98 x 100 = 0,014 percent. The changes reckoned by the two
different formulas are 0.098 end 0.0001%, vhere the former is 700 times as
great as the latter. The difference between the two reductions in turnaround
time, vhen compared with the normal figure, in percentage, is

(0.97986 ~ 0.882) + 0.98 x 100 = 9.986 percent.

According to these calculations, the discrepancies are much too great
to be negligible. As for the gubbureau that got rid of-one more train today,
the turnaround time figured by the car-count formula was ‘abruptly reduced. It
vas possible, without any great increase in work, to record a higher degree of
performance. As for the receiving subbureau, its turnaround-time for that day
vwas suddenly increased; its day's effortc to keep the turnaround time low were
canceled out by being forced at the last ninute to receive another train from
the other "area.” . :

Let us try to see hov these discrepancies occur. They are due en- -
tirely to the practice of using the number of cars present in the "area" at
1800 hours in place of the mumber-of cars in operation to calculate ‘the turna
around time. It 1s possible, under some circumstances, that the discrepancy
might amount to as much as 24 hours, or one whole day. If accuracy is wanted,
some way must be found to eliminate this source of error. Complete accuracy
of calculations is possible but it is not attainable due to the limited capacity
of the recorders of data. However, perfect accuracy in this matter of records
is not rnecessary, because we can use a method which reduces the sources and
magnitude of the errors. In the method of recording data for gwitching time,
iff a trdin enters and leaves a switching station within one hour, no car-hour
time 'in operation is recorded; vhile, if the train departs one hour or more
after-arrival, one car-hour of operation is recorded for each car in the train.
S0, usiig this method, the "area"” receiving a train of 50 cars at l759'hours,
would record an increase of only 50 car-hours of operations for that dey. Again,
take as an example the data of the Pai-ch'eng-tzu subbureau. Convert the 50

. 50
RS ) car-hours to days, o~ =2.08 car-days. By the car-count.method, the effect

of the extra train -eceived is to ircresse the turncround time by il - = 0.004
days. Compared with the normal turnaround time, this is an increasg of
0.00h £ 0.98 x 100 = 0.4 percent. e

By recording an increase of only one car-hour for each additional car,
instead of 24 car-hours, the increase of car-hours has been reduced tc of
what it would have been under the cars-present methed of recording cars in
operation. By the same token, it may be said concerning the incouming train of
50 cars arriving Just before 1800 hours, that the numher of additional cars has

0
been reduced to the equivalent of 'gﬂ_'= 2.08 cars regarded as in operation for

a whole day of 24 hours.

¢k .'#_::.3;.;_
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2. Cumulative Discrepancies in Connection With Incoming and Outgoing Cars

@
Since the number of cars present, by definition,only indicates the num-
"ber of cars in use:that remain in the "area" at.1800 hours, 1f th. number is
: ‘large, it does not follow that there.has been a large number during each hour
of the whole day; and 1f the number of cars presenmt- is small, it does not fol-
low that there was a small number of cars in operation throughout all the hours
of the day. Take another example t0 explain this point. (In the accompanying
. table, the number of cars incoming and outgoing includes those cars tkat have
a that day been put in or taken out of commission within the "area.")

S T
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Time Record Sheet for Cars in Operation Date.ivoes.

Incoming and Mutgoing Record

Cumulative Cumulative
Incoming Outgoing Total of Incom- Total of Outgo-
Time Incoming Outgoing Differences Differences ing Differences ing Differences

(Number of cars present at 1800 hours yesterday)

1800-1900 105 92 13 13
1900-2000 9k 105 2
2000-2100 - 96

2100-2200 48 51

2200-2300 50 47

2300-2k00 78 83

TTVIINIQTINOD

:
g
;13
(e

2400-0100 L5 78
0100-0200 5h

0200-0300 85 4 E 50X1-HUM

0300-0400 34

0L400-0500 9k
0500-0600 8
0600~0700 83
0700-0800 95

[Adjoins pege 16 here.]
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[Adjoins page 15 here.)
0800-0900 :
0900-1000
1004-1100
1100-1200
1200-1300
1300-1400
1400-1500

1500-1600
1600-1700
1700-1800 16

8
;|
g
<]
E
B

Total 1,812

50X1-HUM
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From this table, it can be seen that the number of cars present at the
end of the day is 511, which is 11 more than the allotted number .

For the deta on cars in operation, if we simply follow the method of
the nonnumerical system that is employed in securing date on switching time, as
- has been done in the above table, the car situation each hour is noted on the
record sheet. The figures in the last column then represent the number of car-
hours of cars in operation for each respective hour. The total at the bottom
= of the lest column signifies that on this day, there were 11,544 car-hours of
) cars in operation. By dividire this figure.by 24, it is converted into 481
car days ™ - . ER

v 11,544 (car-hours) = 24 (hours) = 481 (car—days)-

This is 19 car-days less than the 500 car-days that the "area" had at the begin-
ning of the day and 30 less than at the end of the day. The change in turn-

0 .
around time is indicated as —5]3_1— = 0.0587 days; and 508 X 100 =6 percent.

This discrepancy obviously shows that the figures for tuwrnarcund time
calculated by the car-count method and the time-count method do not agree with
each other. The existence and sources of the discrepancies of two kinds dis-
cussed above are attributable to the use of the cars-present figure instead of
the cars-in-operation figure in calculations [of turnaround time for the "area"l.
Which figure is to be accepted and which one rejected? This selection is a ver,
easy one to make; we :an positively assert that the correct figure to use 1s the
one derived by converting into car-days the total number of car-hours of all the
cars in operation in the "area" in the course of the day. Making our calculations
on tais basi;, the turnaround time will e practically the same, whether derived
by using the car-count method or the time-count nmethod; if there ‘is-any discrep-
ancy, it will be very swall, probably under one percent.

. Concerning the figure for cars in operation to be used in the turn-
around time calculations, it should be derived by adding together the car -hours
of cars in operation for each hour and for all the statlons in the "area.” In
practice, it is not necessary for every svation to carry out al’. the couputa-
tions for each hour of the day. It i only necessery that each staticn record
the hourly data indicated in columns 6 and 7 in the accompanying table so that
it can report the totals at the end of the day. When these totals are sum-
merized by the subbureau for all the stations in the "area," the number of

D : . rar-da;s of cars in operation for the whole "area' may be computed by means of
S one of the following formulas:

a. Car-days of cars in operation for today equals the number of cars
present at 1800 howrs yesterday, plus the cumulative total of incoming dif-
ferences, minus the cumulative total of outgoing differences, divided by 2k.

b. Car-days of cars in operation for today 2quals the number of cars
present at 1800 hours yesterday, minus the cumwlative total of outgoing dif-
Terences, minus the cumulative total of incoming differences divided by 2b.
To illustrate this computation, we will use the figures we have in the above
table, for one station only. In this caese it will be mire convenient to use
formula b.

Todays's car-days of cars in operation = 500 — (565 — 109) + 24

=500 — 456 + 24 =500 —19 =481

car “ays
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According to this procedure » there is no appreciable increase in work '
ongalculations lmposed on the clerks in the various stations; they will con- k
tinte to record, much a&s at present s data concerning all car movements, hour

by hour, throughout the dey and send their reports promptly to the subbureau

of:the "area." The errors arising from the two sources discussed above may be

entirely avoided. Naturally, the undesirable actions hitherto having taken

. Place just preceding 1800 hours every day will no longer take place. .The fol~.

- loving favorable results will be realized: o

L. a. Hereafter, neither in planning nor in operation, will it be neces-

' sary to fear the impossibility of getting rid of outgoing trains around 1800
hours and its effect on daily performance, or to tabricate false reports as to
daily performance. Daily train movements can be properly planned and carried
out. It will be possible to arrange for uniform density of %rain movements
throughout the day, avoiding both congested and slack periods.

b. Hereafter, there will be no occasion for rushing outgoing trains
and resisting the reception of incoming trains; her.:e, bottlenecks and delays
around 1800 hours will not occcur. Thus » the travel time of trains would be
reduced and greater efficlency in train operations would be realized.

Jen-min T'ieh-tao

Editor's Note: This article covers much the same ground as was covered
in an article thst appeared in Volume III, No 6, June 1951, of this Periodical,
entitled "A Study of the Methods of Caleulating Purnaround Time." To emphasize
the importance of this subject, the present article is printed herewith in full,
with the hope that comrades will study it and contribute their opinions as ref-
erence material for further progress in the study of this problem. .

\ In & table on page 10, of Volume III, No 6, among the date of the Lotal
number of cars in operation, the number of surplus cars from the preceding
day was  included by nmistake; because of this e.ror, the number 1.z,154 wrongly
appears. The number should be 11,633. In the *ext of the arcicle, using hours
&s tne unit, the average number of cars in operation should be 484.7 (11,633:24);

and the turnaround time should be 1.21 (484.7 = 400).
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